When a Ne:SO 2 mixture is subjected to Penning ionization and/or photoionization by neon atoms in their first excited states, between 16.6 and 16.85 eV, and the products are rapidly frozen at approximately 5 K, the infrared spectrum of the resulting deposit includes absorptions assigned with the aid of isotopic substitution studies to SO, SO 2 ϩ , SO 2 Ϫ , (SO 2 ) 2 Ϫ , and, tentatively, SO Ϫ . The fundamental and first overtone absorptions of SO lie 0.9 and 1.8 cm
I. INTRODUCTION
As the most stable oxide of one of the most common elements, SO 2 is ubiquitous. Thus, ions derived from it should play important roles in upper atmospheric pollution, as well as in corrosion and catalysis. Plasmas containing SO 2 have been found to enhance the anisotropy of dry etching of photoresists.
1 SO 2 ϩ and its fragment ions present in this system are likely to play important roles in the overall chemistry of the dry etching process.
The energetics of ion production from SO 2 are quite well established, but only limited spectroscopic data for the ion products are available. Molecular beam photoionization 2 and high-resolution photoelectron spectroscopic 3, 4 studies have determined that the first ionization potential of SO 2 is 12.349 eV. Photoelectron spectroscopic studies 5, 6 on SO 2 Ϫ have also yielded an electron affinity of 1.10 eV for SO 2 . The studies by Wang and co-workers 3 yielded the ground-state bending fundamental frequency of SO 2 ϩ , but its ground-state stretching fundamentals were not characterized. Milligan and Jacox 7 assigned all three of the vibrational fundamentals of SO 2 Ϫ , produced by charge-transfer interaction between sodium, potassium, or cesium atoms and SO 2 in an argon matrix. Except for small shifts in experiments using lithium atoms, the positions of these absorptions showed very little dependence on which alkali metal was present in the system. Nimlos and Ellison 5 assigned structure in the photoelectron spectrum of gas-phase SO 2 Ϫ with spacings of 944͑48͒ and 435͑100͒ cm Ϫ1 to 1 and 2 , respectively, of SO 2 Ϫ , in reasonable agreement with the argon-matrix values. Subsequently, Bencivenni and co-workers 8 conducted detailed infrared and Raman studies of SO 2 codeposited in an argon matrix with various alkali metals. Although they reproduced the observations of Milligan and Jacox, they also noted the presence of peaks at 1081.8 and 1089.7 cm Ϫ1 with intensity which varied from one experiment to another and with isotopic substitution behavior appropriate for 3 of SO 2 Ϫ . They identified. Very recently, we have reported 12 the detection of the other infrared-active fundamentals of these two ions in this system. In a study of the ionization of CO, 13 not only CO ϩ but also OCCO ϩ and OCCO Ϫ contributed to the product spectrum, consistent with significant dimer ion formation during the sampling process. Other oxygen-containing species which have been studied in similar experiments include NO 2 , 14 in which infrared spectral data were obtained for both NO 2 ϩ and NO 2 Ϫ and O 3 , 15 in which the very prominent 3 absorption of O 3 Ϫ appeared. The results of similar experiments on SO 2 are reported in this paper.
II. EXPERIMENTAL DETAILS "Ref. 16…
The normal and isotopically substituted SO 2 samples were the same as those used in the earlier experiments. 7 These samples were freed of relatively volatile impurities by freezing at 77 K and pumping on the solid deposit. The neon matrix gas ͑Spectra Gases, Research Grade, 99.999%͒ was used without further purification. Ne:SO 2 samples of mole ratio 200, 400, 800, and 3200 were prepared using standard manometric procedures, as were Ne:SO 2 ͑44.6% 34 
S͒ and Ne:SO 2 ͑ϳ40%
18 O͒ϭ800 samples. The sample mixtures were codeposited at approximately 5 K with a similar amount of pure neon that had been excited by a microwave discharge before streaming from the pinhole in the end of the quartz discharge tube. Details of this deposition procedure and of the discharge configuration have been described previously. 11, 17 A Helitran ͑APD Cryogenics, Inc.͒ continuous-transfer liquid helium cell was used.
The absorption spectra of the resulting sample deposits were obtained using a Bomem DA 3.002 Fourier transform interferometer with transfer optics which have been described previously. 18 Observations were conducted with a resolution of 0.2 cm Ϫ1 between 400 and 5000 cm Ϫ1 using a globar source, a KBr beamsplitter, and a wide-band HgCdTe detector cooled to 77 K. Under these conditions, the positions of the prominent, nonblended atmospheric water vapor lines between 1385 and 1900 cm Ϫ1 and between 3620 and 3900 cm Ϫ1 , observed in a calibration scan, agreed within 0.01 cm Ϫ1 with the high-resolution values reported by Toth. 19 Based on previous investigations, the standard uncertainty ͑type B͒ in the determination of absorption maxima for molecules trapped in solid neon is Ϯ0.1 cm Ϫ1 ͑1͒. Data were accumulated for each spectrum over a period of at least 15 min. The resulting spectrum was ratioed against a similar one taken without a deposit on the cryogenic mirror.
In order to obtain information on photoinduced changes in the matrix sample, after the spectrum of the initial deposit had been recorded, the sample was exposed to various wavelength ranges of visible and ultraviolet radiation. For this purpose, a tungsten lamp was used with a filter of Corning glass type 2403 to provide a short wavelength cutoff of approximately 630 nm, or a medium-pressure mercury arc was used with a filter of Corning glass type 3389, 3060, 7380, 0160, or 7740 or without a filter to provide a short wavelength cutoff of approximately 420, 370, 345, 300, 280, or 240 nm, respectively.
III. OBSERVATIONS
The spectrum of a simple Ne:SO 2 ϭ800 deposit without the discharge showed prominent absorptions of SO 2 , with minor absorptions of H 2 O and CO 2 . There was no change in the spectrum of this sample following mercury-arc irradiation through a 345 nm cutoff filter.
The positions of all of the new absorptions which appeared between 450 and 2300 cm Ϫ1 when a Ne:SO 2 ϭ3200 or 800 sample was codeposited with a beam of excited neon atoms are summarized in columns 1 and 2, respectively, of Table I , and regions which showed prominent photosensitive product absorptions in the same Ne:SO 2 ϭ800 study are shown in traces ͑a͒ of Fig. 1 . A sharp, weak to moderately intense absorption 14 of NO 2 Ϫ , a consequence of a small concentration of atmospheric impurity in the discharge tube, appeared at 1241.5 cm Ϫ1 . This absorption is labeled in Fig. 1 but is not included in Table I , since it is not characteristic of the presence of SO 2 in the system. The most prominent product absorption, at 1137.1 cm
Ϫ1
, is readily assigned to SO, for which Burkholder and co-workers 20 have reported the gasphase band center at 1138.01 cm
, in excellent agreement with the neon-matrix value. In some of the experiments, a weak absorption also appeared at 2261.5 cm Ϫ1 , in very good agreement with the gas-phase band center for the first overtone of the ground-state fundamental of SO, reported by Burkholder and co-workers at 2263.31 cm Ϫ1 . Since the absorptions of SO did not change on subsequent irradiation of the deposit, they were not included in Fig. 1 .
A weak to moderately intense absorption at 1390.6 cm
corresponds closely with the strongest gas-phase absorption of SO 3 , reported 21 , suggesting that SO 4 does not contribute to the spectrum.
The absorptions of Table I can be separated into several different groups, depending on their behavior on subsequent exposure of the deposit to filtered and unfiltered mercury-arc radiation. No spectral changes were noted for the Ne:SO 2 system on irradiation of the deposit by filtered tungsten-lamp emission. However, as is shown in traces ͑b͒ of Fig. 1 , one component of the structured absorptions near 990 and 1090 cm Ϫ1 diminished greatly when the deposit was exposed to mercury-arc radiation passed by the 370 nm cutoff filter, and the absorption pattern near 1275 cm Ϫ1 sharpened somewhat. These peaks are designated in Table I as having photodestruction behavior AЈ. As is shown in traces ͑c͒ of Fig. 1 , when the sample was irradiated through a 345 nm cutoff filter the rest of the structure near 990 and 1090 cm Ϫ1 decreased greatly, as did the structured absorption near 1275 cm Ϫ1 and the sharp peak at 1225.9 cm Ϫ1 . This photodestruction behavior is designated as type AЉ. Also present in traces ͑c͒ of Fig. 1 are structured absorptions near 1257 and 1266 cm Ϫ1 and sharp absorptions at 1015.7 and 622.7 cm Ϫ1 which grew greatly as a result of irradiation through the 345 nm cutoff filter and which, as is shown in traces ͑d͒ of Fig. 1, were destroyed when the sample was exposed to unfiltered mercury-arc radiation. Other experiments determined that the threshold for photodestruction of these absorptions is between 300 and 280 nm. This photolysis behavior is designated as type B. Still other absorptions, designated as type C, showed little change or grew slightly when the sample was exposed to unfiltered mercury-arc radiation. As already noted, the most prominent type C absorption is that of SO. The 1390.6 cm Ϫ1 absorption of SO 3 grew slightly on unfiltered mercury-arc irradiation. Moreover, the 1632 cm Ϫ1 absorption of rotating H 2 O, not included in Table I , grew mark- ͑1͒. Approximate relative intensities are designated by vw-very weak; w-weak; m-medium; s-strong; sh-shoulder. AЈ-Decreases on Hg-arc irradiation of sample through 370 nm cutoff filter. AЉ-Decreases on Hg-arc irradiation of sample through 345 nm cutoff filter. B-Grows on Hg-arc irradiation of sample through 345 nm cutoff filter but is destroyed by unfiltered Hg-arc radiation. C-Unchanged or grows on prolonged unfiltered Hg-arc irradiation.
edly on unfiltered mercury-arc irradiation, at the expense of the absorption of nonrotating H 2 O near 1596 cm
. This phenomenon has been attributed 26, 27 to the decrease in the ion field, which prevents free rotation, as cations are destroyed by recombination with photodetached electrons.
Still further information regarding the identity of the products in this system was obtained through studies of isotopically substituted samples. The positions of the product absorptions in experiments on Ne:SO 2 samples enriched in 34 S and in 18 O are summarized in the third and fourth columns, respectively, of Table I. The spectral regions in which photosensitive product absorptions appeared in the experiment of , and trace ͑a2͒ shows the spectrum of this same deposit after mercury-arc irradiation through the 345 nm cutoff filter. The sharp 1241.5 cm Ϫ1 absorption of NO 2 Ϫ , which was unchanged on irradiation through that filter, is labeled. Trace ͑a͒ of Fig. 3 shows the structured product absorptions between 1086.2 and 1088.5 cm Ϫ1 and between 987.2 and 990.8 cm Ϫ1 for the initial deposit. The absorptions at 1086.2 and 990.8 cm Ϫ1 , marked by filled circles, were destroyed by 370 nm cutoff irradiation, as were weaker nearby absorptions. The remaining absorptions of Fig. 3͑a͒ were destroyed by 345 nm cutoff radiation. Figure  4͑a͒ shows the absorptions at 1015.7 and 622.7 cm Ϫ1 which appeared after 345 nm cutoff irradiation, also shown in Fig.  1͑c͒ .
The corresponding spectral regions for a Ne:SO 2 sample enriched to 44.6% in 34 S are shown in traces ͑b͒ of Figs. 2-4. As is shown in traces ͑b1͒ and ͑b2͒ of Fig. 2 , the broad product absorption with maximum at 1275.9 cm Ϫ1 is accompanied by a somewhat weaker absorption at 1260.1 cm Ϫ1 . Both absorptions were destroyed by 345 nm cutoff radiation. The pair of absorptions between 1256 and 1268 cm Ϫ1 which appeared after irradiation through the 345 nm cutoff filter is accompanied by new, slightly less intense absorptions between 1240 and 1253 cm Ϫ1 . The sharp absorption at 1225.9 cm Ϫ1 acquired a new, slightly less intense counterpart at 1211.0 cm Ϫ1 . A relatively broad new absorption also appeared at 1221.2 cm Ϫ1 . All three of these absorptions were destroyed by 345 nm cutoff radiation. In Fig. 3͑b͒ , the 34 S enriched samples showed a single set of new, slightly less intense absorptions at somewhat lower frequencies than each of the two structured absorptions of the unenriched sample. The photodestruction behavior of these new absorptions was analogous to that of the absorptions in Fig. 3͑a͒ . As is shown in Fig. 4͑b͒ 1 . Changes in the infrared spectrum of a Ne:SO 2 sample codeposited at ϳ5 K with beam of excited neon atoms on subsequent filtered and unfiltered mercury-arc irradiation. ͑a͒ 10.6 mmol Ne:SO 2 ϭ800 codeposited over a period of 260 min with 10.6 mmol discharged neon. ͑b͒ Above sample after 15 min mercury-arc irradiation through a 370 nm cutoff filter. ͑c͒ Above sample after 17 min subsequent mercury-arc irradiation through a 345 nm cutoff filter. ͑d͒ Above sample after 15 min unfiltered mercury-arc irradiation.
FIG. 2. Isotopic dependence of absorptions between 1190 and 1280 cm

Ϫ1
which appear in the infrared spectrum of a Ne:SO 2 sample codeposited at ϳ5 K with a beam of excited neon atoms and absorptions characteristic of the same deposits after subsequent mercury-arc irradiation through a 345 nm cutoff filter. ͑a1͒ 10.6 mmol Ne:SO 2 ϭ800 codeposited over a period of 260 min with 10.6 mmol discharged neon. ͑a2͒ Above sample after 15 min mercury-arc irradiation through a 370 nm cutoff filter ͑which resulted in little change in this spectral region͒, then 17 min mercury-arc irradiation through a 345 nm cutoff filter. ͑b1͒ 11.6 mmol Ne:SO 2 ͑44.6% 34 S͒ϭ500 codeposited over a period of 282 min with 11.5 mmol discharged neon. ͑b2͒ Above sample after 20 min mercury-arc irradiation through a 370 nm cutoff filter ͑which resulted in little change in this spectral region͒, then 20 min mercury-arc irradiation through a 345 nm cutoff filter. ͑c1͒ 10.8 mmol Ne:SO 2 ͑ϳ40%
18 O͒ϭ800 codeposited over a period of 263 min with 10.9 mmol discharged neon. ͑c2͒ Above sample after 20 min mercuryarc irradiation through a 370 nm cutoff filter ͑which resulted in little change in this spectral region͒, then 20 min mercury-arc irradiation through a 345 nm cutoff filter.
in Fig. 2͑c2͒ , the spectrum obtained after irradiation through the 345 nm cutoff filter is relatively complex, with five major peaks. The two highest frequency absorptions correspond to the structured absorption observed between 1256 and 1268 cm Ϫ1 for the unsubstituted product. The two lowest frequency peaks appear between 1219 and 1228 cm Ϫ1 . A single peak at 1237 cm Ϫ1 is intermediate. The sharp, less prominent product absorption at 1225.9 cm Ϫ1 and its 18 O substitution counterparts are undetectably weak. Figure 3͑c͒ . This absorption was unchanged on subsequent filtered or unfiltered mercury-arc irradiation of the deposit. As is shown in Fig.  3͑c͒ , the structured absorptions characteristic of unenriched samples near 990 and 1090 cm Ϫ1 each acquire two lower frequency counterparts on 18 O enrichment of the sample. The central structured absorption in each of these two spectral regions is more intense and the lowest frequency absorption less intense than the absorptions characteristic of unsubstituted Ne:SO 2 samples. The photodestruction behavior of the two sets of absorptions of Fig. 3͑c͒ was similar to that of the corresponding absorptions of Fig. 3͑a͒. In Fig. 4͑c͒ , for the ϳ40% 18 O enriched sample, at least seven peaks are related to the 1015.7 cm Ϫ1 absorption of the unsubstituted product. The 622.7 cm Ϫ1 absorption is replaced by four approximately equally spaced peaks, with the two central members considerably more intense than the two outer members.
IV. DISCUSSION
The 16.6-16.85 eV energy of the discharge configuration exceeds the threshold for the production of several different ionic species from SO 2 . and between 940 and 1000 cm Ϫ1 which appear in the infrared spectrum of a Ne:SO 2 sample codeposited at ϳ5 K with a beam of excited neon atoms. ͑᭹ designates absorptions which diminish in intensity on subsequent mercuryarc irradiation of the deposit through a 370 nm cutoff filter.͒ ͑a͒ 10.6 mmol Ne:SO 2 ϭ800 codeposited over a period of 260 min with 10.6 mmol discharged neon. ͑b͒ 11.6 mmol Ne:SO 2 ͑44.6%
34 S͒ϭ500 codeposited over a period of 282 min with 11.5 mmol discharged neon. ͑c͒ 10.8 mmol Ne:SO 2 ͑ϳ40%
18 O͒ϭ800 codeposited over a period of 263 min with 10.9 mmol discharged neon.
FIG. 4. Isotopic dependence of absorptions between 960 and 1020 cm
Ϫ1 and between 595 and 635 cm Ϫ1 which appear in the infrared spectrum of a Ne:SO 2 sample codeposited at ϳ5 K with a beam of excited neon atoms and subsequently exposed to mercury-arc radiation passed by a 345 nm cutoff filter. ͑a͒ 10.6 mmol Ne:SO 2 ϭ800 codeposited over a period of 260 min with 10.6 mmol discharged neon, then subjected to 15 min mercury-arc irradiation through a 370 nm cutoff filter ͑which resulted in little change in these spectral regions͒, followed by 17 min mercury-arc irradiation through a 345 nm cutoff filter. ͑b͒ 11.6 mmol Ne:SO 2 ͑44.6% 34 S͒ϭ500 codeposited over a period of 282 min with 11.5 mmol discharged neon, then subjected to 20 min mercury-arc irradiation through a 370 nm cutoff filter ͑which resulted in little change in these spectral regions͒, followed by 20 min mercury-arc irradiation through a 345 nm cutoff filter. ͑c͒ 10.8 mmol Ne:SO 2 ͑ϳ40%
18 O͒ϭ800 codeposited over a period of 263 min with 10.9 mmol discharged neon, then subjected to 20 min mercury-arc irradiation through a 370 nm cutoff filter ͑which resulted in little change in these spectral regions͒, followed by 20 min mercury-arc irradiation through a 345 nm cutoff filter.
cidence measurements between 16 and 17 eV in the laboratory of Eland 29 studied the kinetic energy distribution of the SO ϩ product. These workers did not detect any S ϩ formation in this energy range. More recent studies in the laboratory of Brion 30 showed that at both 16.5 and 17.0 eV the photoionization efficiency of SO 2 is near unity. At 16.5 eV, these workers found that SO . Although the first two of these values appear reasonable, the value for 3 is surprisingly large. Therefore, we have conducted more sophisticated calculations of the structure and vibrational energy levels of ground-state SO 2 ϩ . Our studies have demonstrated that computational investigations of the antisymmetric stretching fundamental ( 3 ) of SO 2 ϩ are seriously hampered by the presence of wave function instabilities near the equilibrium geometry. Two closely related systems, NO 2 ͑which is isovalent͒ and neutral SO 2 , exhibit similar instabilities and have often been cited and studied as prime examples of artifactual symmetry breaking. 39 These instabilities can influence the calculated value of the antisymmetric stretching force constant to such an extent that the resultant frequency predictions are extremely unreliable. Figure 5 plots against the OSO valence angle the antisymmetric stretching force constant computed by the UHF and restricted open Hartree-Fock ͑ROHF͒ methods using a 6-31G* basis set. The large variations exhibited by the Hartree-Fock force constants in turn give rise to even more dramatic errors in the force constants predicted by correlated wave functions based upon these methods. 40 The equilibrium geometry and harmonic vibrational frequencies of several isotopes of SO 2 ϩ were computed using three independent methods that have proven to be effective in dealing with systems that exhibit this kind of spatial symmetry breaking. Density functional computations for SO 2 ϩ were carried out with the 6-31G* and 6-31ϩϩG(3d f ) basis sets and the B3LYP density functional using the GAUSS-IAN 98 program package. 41 The coupled-cluster singles and doubles ͑CCSD͒ method and CCSD with perturbative triples method ͓CCSD͑T͔͒ were also employed to predict the equilibrium structure and vibrational frequencies using both quasirestricted ͑QR͒ and Brueckner ͑B͒ reference wave functions and the correlation-consistent polarized valence double-zeta ͑cc-pVDZ͒ and triple-zeta ͑cc-pVTZ͒ basis sets. QR-CCSD and QR-CCSD͑T͒ investigations were also employed with the correlation-consistent polarized valence quadruple-zeta basis set ͑cc-pVQZ͒ that was modified slightly by the removal of the g-type basis functions. Additionally, the CCSD with full inclusion of the triples excitation ͑CCSDT͒ method was employed using the QR reference and the cc-pVDZ basis set. All coupled-cluster investigations were carried out using the ACES II program package. 42 No core orbitals were frozen in the coupled-cluster investigations.
Although, as is shown in Table II , a consistent equilibrium geometry was obtained for SO 2 ϩ at all of the levels of theory used in this study, the harmonic vibrational fundamentals of SO 2 ϩ and-for the higher-level calculations-of its isotopomers summarized in Table III by the neon matrix may be responsible for the undetectably low yield of SO ϩ in the present experiments. It is necessary to consider the possibility that photodissociation of SO 2 ϩ contributes to the destruction of that species by mercury-arc radiation with a 345 nm cutoff observed in the present study. Paulson and co-workers 45 found a threshold for photodecomposition of SO 2 ϩ into SO ϩ ϩO at 342 nm, slightly below the origin of the C 2 B 2 state of SO 2 ϩ , at 336 nm. Similarly, they found the threshold for photodecomposition of SO 2 ϩ into S ϩ ϩO 2 at 317 nm, slightly below the D 2 A 1 state of SO 2 ϩ , at 311 nm. Both transitions are allowed for SO 2 ϩ in its X 2 A 1 ground electronic state. Radiation from the mercury-arc lamp in the spectral region near the 345 nm cutoff consists predominantly of the very strong 365 nm emission of neutral Hg, with much weaker Hg ϩ emission near 355 and 345 nm. Because this cutoff is not sharp, the sample is likely to be exposed to some radiation beyond the photodissociation threshold. However, in a neon matrix, O atoms produced on photodissociation near the threshold of the C state of SO 2 ϩ will have insufficient kinetic energy to escape from the site of their production before reverse recombination occurs. Thus, the principal mode of photodestruction observed for SO 2 ϩ on mercury-arc irradiation of the deposit through the 345 nm cutoff filter is believed to be recombination with electrons formed from anion photodetachment rather than photodissociation.
B. Infrared spectrum of SO 2
À
Ab initio and density functional calculations of the vibrational fundamentals of ground-state SO 2 Ϫ yield vibrational frequencies which are consistent with either the assignment given in the first argon-matrix study 7 or the somewhat higher frequency assignment for 3 suggested by Bencivenni and co-workers. 8 Ramondo and Bencivenni 9 reported scaled UHF/6-31G* vibrational frequencies for SO attributed to 3 of SO 2 Ϫ isolated in an argon matrix, would be consistent with that assignment. The absence both of metal cations which might form a complex with SO 2 Ϫ and of any product absorption near 1040 cm Ϫ1 in the present experiments is also consistent with their proposed reassignment of the 1042 cm Ϫ1 argon-matrix absorption to the MSO 2 complex.
A normal coordinate analysis was conducted for the revised assignment of SO 2 Ϫ , assuming a valence angle of 115°͑ close to the value obtained in Hartree-Fock calculations 9, 47 ͒ and a bending fundamental frequency of 450 cm Ϫ1 and using all of the observed stretching vibrational frequencies for isotopomers of SO 2 Ϫ as input to the least-squares force constant adjustment program FADJ, developed by Schachtschneider. 49 The calculation is insensitive to the bond lengths. The results of this analysis are summarized in Table  IV . The excellent agreement between the observed and calculated stretching vibrational frequencies is consistent with the reassignment of 3 of SO 2 Ϫ proposed by Bencivenni and co-workers 8 and in the present study. These experiments indicate that the threshold for photodetachment of electrons from SO 2 Ϫ lies near 345 nm ͑3.6 eV͒, although SO 2 Ϫ trapped in at least one type of site has a somewhat lower photodetachment threshold. In contrast, the adiabatic electron affinity 5, 6 of SO 2 is only 1.10 eV. Studies of numerous anions in this laboratory indicate that Coulombic stabilization commonly increases the electron detachment threshold by 1 or 2 eV for anions trapped in solid neon, compared to the value characteristic of the gas-phase anion.
The greater disparity for SO 2 Ϫ may result from the gradual onset of photodetachment from SO 2 Ϫ as the photon energy is increased; Hodges and Vanderhoff 50 found that the photodetachment cross section of gas-phase SO 2 Ϫ increases by approximately a factor of two as the photon energy is increased from 1.6 to 3.0 eV.
C. Infrared spectrum of "SO 2 … 2
À
Because the electron detachment threshold of ͑SO 2 ͒ 2 Ϫ is significantly greater than that of SO 2 Ϫ , the dimer anion may contribute to the infrared absorptions which grow on 345 nm cutoff irradiation of the deposit and which are in turn destroyed by higher energy radiation. ͑SO 2 ͒ 2 Ϫ has been determined 51, 52 to be bound with respect to SO 2 ϩSO 2 Ϫ by 0.9 to 1.0 eV. The results of Vacher and co-workers 52 suggest that the filling of the first solvent ''shell'' is complete on formation of the dimer anion. Studies of the photoelectron spectrum of a mass-selected beam of ͑SO 2 ͒ 2 Ϫ by Bowen and co-workers 53, 54 yielded an electron detachment threshold of 1.9͑2͒ eV, in good agreement with a value of 1.96͑3͒ eV which they calculated from a thermochemical cycle. More recent studies by Tsukuda and co-workers 55 indicated that the photoelectron spectrum of ͑SO 2 ͒ 2 Ϫ is shifted approximately 1.3 eV toward higher electron binding energy than that for SO 2 Ϫ , suggesting that there is an appreciable difference in the electronic structures of the SO 2 monomer and dimer anions. They measured a vertical detachment energy of 2.76͑2͒ eV for the dimer anion. Each SO 2 unit added to the dimer structure increased the binding energy by only 0.3 to 0.4 eV.
In the gas phase, photodissociation of ͑SO 2 ͒ 2 Ϫ into SO 2 ϩSO 2 Ϫ occurs at a lower energy than does photodetachment. Hodges and Vanderhoff 50 obtained a maximum in the photodestruction cross section for that process near 2.1 eV ͑600 nm͒. Kim and Bowers 56 reported photodestruction maxima for ͑SO 2 ͒ 2 Ϫ near 600 and 400 nm. They suggested that the first maximum is associated with a purely repulsive excited state of the dimer anion but that the second maximum is associated with a bound excited state. Photodetachment appeared to be a minor process over the 458 to 656 nm photon range which they studied. Later photodissociation studies with mass spectrometric detection by Dresch and co-workers 57 also found an absorption maximum near 600 nm. Earlier studies yielded limited information regarding the structure of (SO 2 ) 2 Ϫ . The data analysis by Kim and Bowers 56 favored a quasilinear structure with either O¯O or S¯O interaction. In contrast, Tsukuda and co-workers 55 favored a charge-delocalized structure with S¯S bonding. Neutralization-reionization mass spectrometric studies by Schwarz and co-workers 58 suggested that several isomers of the dimer anion might coexist. However, Tsukuda and co-workers 55 observed only one photoelectron band for the dimer anion, consistent with the presence of a single isomer. Ab initio calculations at the MP4/6-31ϩG*//MP2/6-31 ϩG* level by Berthe-Gaujac and co-workers 59, 60 suggest that there may be as many as four bound anion structures. The first two of these structures 59 are characterized by a long one-electron S¯S bond. The binding energy of the trans structure, for which the two pairs of oxygen atoms are in the trans orientation with respect to the S¯S axis, was calculated to be 0.87 eV, approximately 0.1 eV greater than that of the cis structure. The second pair of structures 60 is calculated to have a two-electron S¯O bond, with the electron localized on one of the SO 2 moieties. Two minima were found, with binding energies of 0.83 and 0.90 eV with respect to SO 2 ϩSO 2 Ϫ . Subsequent density functional calculations at the B3LYP/6-31ϩG(d) level by McKee 61 were consistent with the occurrence of two structures, quite close in energy, with S¯S bonds but gave no evidence for potential minima associated with structures having S¯O or O¯O bonds.
In the present study, the isotopic substitution pattern shown in Fig. 4͑b͒ requires that the carrier of these type B absorptions possess two inequivalent S atoms. The SO stretching modes of this product are likely to contribute relatively intense absorptions to the spectrum. The relatively prominent absorptions between 1256 and 1268 cm
Ϫ1
, shown in Figs. 1 and 2 , lie in a suitable spectral region for assignment to SO stretching modes. These type B absorptions, which show rather complex isotopic substitution behavior, are probably contributed by the same product as the absorptions of Fig. 4 .
The results of the present experiments are consistent with the assignment of the type B absorptions to (SO 2 ) 2 Ϫ . It is proposed that, because the concentration of nearestneighbor pairs of SO 2 is much greater than that of cations, many of the electrons detached from SO 2 Ϫ when the sample is exposed to mercury-arc radiation passed by the 345 nm cutoff filter are captured by these SO 2 pairs, rather than by cations. The threshold for photodestruction of the resulting (SO 2 ) 2 Ϫ is observed near 290 nm. This photodestruction behavior is consistent with the gas-phase observation [53] [54] [55] that the photodetachment threshold of (SO 2 ) 2 Ϫ is approximately 1 eV greater than that of SO 2 Ϫ . A similar photodestruction phenomenon has been observed 62 in a neon-matrix study of the photodestruction of NF 2 Ϫ in the presence of a small concentration of NO 2 . In that study, the infrared absorption of NO 2 Ϫ grew as photodestruction of NF 2 Ϫ proceeded. When the sample was later exposed to radiation of energy sufficiently great to photodetach NO 2 Ϫ , that product was in turn destroyed. Photodissociation of (SO 2 ) 2 Ϫ into SO 2 ϩSO 2 Ϫ , which contributes the gas-phase absorption maxima at 600 and 400 nm, 50, 56, 57 would be strongly inhibited by cage recombination. The observation of two nonequivalent S atoms for (SO 2 ) 2 Ϫ would be consistent with the ab initio structures for the S¯O species obtained by Berthe-Gaujac and co-workers 60 and with the S¯O interaction proposed by Kim and Bowers, 56 but not with S¯S or O¯O interaction. The complexity of the absorption pattern between 1256 and 1268 cm Ϫ1 may result from the occurrence of two nearby SO stretching fundamentals of different symmetries, from interaction of a single SO stretching fundamental with an overtone or combination band, or from contributions by two different isomers that are close in energy. The single sharp absorptions shown in Fig. 4͑a͒ suggest, but do not prove, that only a single isomer of (SO 2 ) 2 Ϫ is stabilized in the neon matrix.
D. Identity of other products
The molecular beam photoionization studies by Erickson and Ng 2 yielded a bond dissociation energy of 0.66͑4͒ eV for (SO 2 ) 2 ϩ , suggesting that this species also may be formed in the neon-matrix discharge sampling experiment. Later experimental 63 and ab initio 38 studies yielded even larger bond dissociation energies for this dimer cation. However, it would be difficult to explain the photoproduction behavior of the type B absorptions if they were contributed by the SO 2 dimer cation, rather than by the dimer anion, and no other absorptions were observed which have isotopic substitution behavior appropriate for the presence of two or more SO 2 units in the product.
Since SO contributes a major product absorption, it is anticipated that SO Ϫ might also contribute to the observed spectrum. Negative ion photoelectron spectroscopic studies by Polak and co-workers 64 
